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REFRIGERATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present patent application claims the bene?t of pri 
ority as available under 35 USC § ll9(e)(l) to US. 
Provisional Patent Application No. 60/422,435 titled 
“Refrigeration System” ?led on Oct. 30, 2002. 

The present patent application incorporates by reference 
in its entirety US. Provisional Patent Application No. 
60/422,435 titled “Refrigeration System” ?led on Oct. 30, 
2002. 

FIELD 

The present inventions relate to a refrigeration system. 
The present inventions relate more particularly to a refrig 
eration system having a secondary coolant. The present 
inventions relate more particularly to a refrigeration system 
having carbon dioxide as a secondary coolant. 

BACKGROUND 

It is Well knoWn to provide a refrigeration system such as 
a refrigerator, freeZer, temperature controlled case, etc. that 
may be used in commercial, institutional, and residential 
applications for storing or displaying refrigerated or froZen 
objects. For example, it is knoWn to provide a variety of 
refrigerated cases for display and storage of froZen or 
refrigerated foods in a facility such as a supermarket or 
grocery store to maintain the foods at a suitable temperature 
Well beloW the room or ambient air temperature Within the 
store. It is also knoWn to provide refrigerated spaces or 
enclosures, such as Walk-in freeZers or coolers for maintain 
ing large quantities or stocks of perishable goods at a desired 
temperature. 

Accordingly, it Would be advantageous to provide a 
refrigeration system for use With a variety of refrigeration 
devices that are located throughout a facility. It Would also 
be desirable to provide a refrigeration system for use With a 
refrigeration device Within a refrigerated enclosure such as 
a Walk-in freeZer. It Would be further advantageous to 
provide a refrigeration system that may be operated using a 
coolant a compound that is naturally found in the atmo 
sphere (instead of or in combination With conventional or 
synthetic refrigerants). It Would be further advantageous to 
provide a refrigeration system that reduces the amount of 
conventional refrigerant used. It Would be further advanta 
geous to provide a refrigeration system that uses a primary 
refrigeration system having a primary refrigerant to remove 
heat from a secondary cooling system having a coolant that 
is routed to the refrigeration devices. It Would be further 
advantageous to provide a refrigeration system With a sec 
ondary cooling system that uses the latent heat of vaporiza 
tion of the coolant to provide cooling to a refrigeration 
device. It Would be further advantageous to provide a 
refrigeration system that is con?gured to use carbon dioxide 
as a coolant. It Would be further advantageous to provide a 
refrigeration system that combines tWo or more components 
of the system into an assembly. 

Accordingly, it Would be advantageous to provide a 
refrigeration system having any one or more of these or 
other advantageous features. 

SUMMARY 

The present invention relates to a refrigeration system that 
includes a ?rst cooling system having a refrigerant in 
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2 
thermal communication With a heat exchanger device to 
provide a ?rst cooling source. A second cooling system has 
a coolant in thermal communication With the heat exchanger 
device and a refrigeration device is con?gured to receive the 
coolant. A third cooling system is con?gured to provide a 
second cooling source to the coolant When the ?rst cooling 
source is unavailable, so that a pressure of the coolant does 
not exceed a predetermined level When the ?rst cooling 
source is unavailable. 

The present invention also relates to a refrigeration sys 
tem that includes a primary cooling system con?gured to 
circulate a refrigerant to a heat exchanger. A secondary 
cooling system is con?gured to circulate a coolant to the heat 
exchanger and at least one refrigeration device. A separator 
is con?gured to direct a vapor portion of the coolant to the 
heat exchanger and a liquid portion of the coolant to the 
refrigeration device. A third cooling system is con?gured to 
receive a vapor portion of the coolant from the secondary 
cooling system. 
The present invention also relates to a refrigeration sys 

tem that includes a primary cooling system con?gured to 
provide a ?rst source of cooling to a coolant. A standby 
cooling system is con?gured to provide a second source of 
cooling to the coolant. A secondary cooling system is 
con?gured to circulate the coolant to at least one refrigera 
tion device and to be cooled by the ?rst source of cooling 
When the ?rst source of cooling is operational, and to be 
cooled by the second source of cooling When the ?rst source 
of cooling is not operational, so that a temperature of the 
coolant does not exceed a predetermined temperature. 
The present invention also relates to a method of provid 

ing cooling to at least one cooling device and includes 
circulating a refrigerant to a heat exchanger, circulating a 
coolant to the heat exchanger, routing the coolant to a 
separator, directing a vapor portion of the coolant to the heat 
exchanger, directing a liquid portion of the coolant to the 
cooling device, and directing the coolant from the cooling 
device to the separator. 
The present invention also relates to a refrigeration sys 

tem and includes a primary cooling system con?gured to 
provide a cooling source. A secondary cooling system is 
con?gured to route a coolant to be cooled by the cooling 
source, and a vessel communicating With the secondary 
cooling system is con?gured to accommodate an increase in 
temperature of the coolant When the cooling source is 
insufficient to maintain the coolant beloW a predetermined 
temperature. 
The present invention also relates to a refrigeration sys 

tem and includes a primary cooling system con?gured to 
provide a source of cooling. A secondary cooling system is 
con?gured to circulate a coolant to be cooled by the source 
of cooling, Where the coolant is in one of a liquid state, a 
vapor state and a liquid-vapor state. Avolume is inherent in 
the secondary cooling system and is con?gured to accom 
modate expansion of the coolant in the event that the source 
of cooling is insuf?cient to maintain the temperature of the 
coolant beloW a predetermined temperature level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a refrigeration system 
according to a preferred embodiment. 

FIG. 2A is a schematic diagram of a refrigeration system 
according to a preferred embodiment. 

FIG. 2B is a detailed schematic diagram of the refrigera 
tion system of FIG. 1 according to a preferred embodiment. 

FIG. 2C is a schematic diagram of a portion of the 
refrigeration system of FIG. 1 according to a preferred 
embodiment. 
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FIG. 2D is a schematic diagram of a portion of the 
refrigeration system of FIG. 1 according to a preferred 
embodiment. 

FIG. 2E is a schematic diagram of a portion of the 
refrigeration system of FIG. 1 according to a preferred 
embodiment. 

FIG. 3A is a front vieW of a portion of the refrigeration 
system of FIG. 1 according to an exemplary embodiment. 

FIG. 3B is a side vieW of a portion of the refrigeration 
system of FIG. 1 according to an exemplary embodiment. 

FIG. 3C is a top vieW of a portion of the refrigeration 
system of FIG. 1 according to an exemplary embodiment. 

FIG. 4A is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

FIG. 4B is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

FIG. 4C is a schematic diagram of a refrigeration device 
according to an exemplary embodiment. 

FIG. 5 is a schematic diagram of a refrigeration system 
according to another preferred embodiment. 

FIG. 6 is a detailed schematic diagram of the refrigeration 
system of FIG. 5 according to a preferred embodiment. 

FIG. 7 is a side vieW of a component of the refrigeration 
system of FIG. 5 according to an exemplary embodiment. 

FIG. 8 is a side vieW of a schematic representation of 
components of the refrigeration system according to an 
exemplary embodiment. 

FIG. 9 is a side vieW of a schematic representation of 
components of the refrigeration system according to an 
exemplary embodiment. 

FIG. 10 is a side vieW of a schematic representation of 
components of the refrigeration system according to an 
exemplary embodiment. 

FIG. 11 is a side vieW of a schematic representation of 
components of the refrigeration system according to an 
exemplary embodiment. 

FIG. 12 is a side vieW of a schematic representation of 
components of the refrigeration system according to an 
exemplary embodiment. 

FIG. 13 is a side vieW of a schematic representation of 
components of the refrigeration system according to a 
preferred embodiment. 

FIG. 14 is a schematic representation of components of 
the refrigeration system according to an exemplary embodi 
ment. 

FIG. 15 is a schematic representation of components of 
the refrigeration system according to an exemplary embodi 
ment. 

FIG. 16A is a schematic representation of components of 
the refrigeration system according to an exemplary embodi 
ment. 

FIG. 16B is a schematic representation of components of 
the refrigeration system shoWn in FIG. 16A according to an 
exemplary embodiment. 
TABLE 1 is a listing of design and siZing parameters and 

considerations for use in developing a refrigeration system 
according to an exemplary embodiment (6 pages). 
TABLE 2 is a is a listing of design and siZing parameters 

and considerations for use in developing a refrigeration 
system according to an exemplary embodiment (3 pages). 

DETAILED DESCRIPTION 

Referring to the FIGURES, a refrigeration system 10 is 
shoWn having primary refrigeration system 20 intended to 
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4 
cool a secondary cooling system 30 that has a coolant 
con?gured for circulation to one or more refrigeration 
devices 12. The refrigeration system is intended to reduce 
the amount of conventional refrigerant used to provide 
cooling to the refrigeration devices by providing a secondary 
cooling loop that uses as a coolant a compound that is found 
naturally in the atmosphere. In typical refrigeration systems 
that use a conventional refrigerant, such refrigeration sys 
tems often include conventional components that are con 
?gured to accommodate the pressure level associated With 
the saturation pressure of the refrigerant Within the volume 
of the refrigeration system in the event that the refrigerant 
reaches the temperature of the surrounding ambient envi 
ronment. Compounds that are found in atmospheric air, 
When used as a coolant in a quantity necessary to provide the 
desired cooling to the refrigeration devices and With the 
typical volume of a conventional refrigeration system, may 
be associated With a saturation pressure that exceeds the 
maximum design pressure of conventional refrigeration 
components if the temperature of the coolant increases 
substantially above a normal operating temperature (eg 
When the coolant approaches the ambient temperature of the 
surrounding environment). According to any preferred 
embodiment, the refrigeration system maintains the coolant 
Within a desired pressure range for use With conventional or 
other refrigeration system components. 

Referring to FIG. 1, a refrigeration system 10 having a 
primary refrigeration system 20 and a secondary cooling 
system 30 is shoWn according to one preferred embodiment. 
Secondary cooling system 30 is shoWn schematically as 
interfacing With a main condenser-evaporator 40, and 
including a separator 50, a subcooler device 70, at least one 
refrigeration device 12, and a standby condensing system 
80. 

Referring to FIGS. 1 through 2B, primary refrigeration 
system 20 includes refrigeration equipment of a conven 
tional type (eg compressor, condenser, receiver, expansion 
device, valves, tubing, ?ttings, etcinot shoWn) that are 
con?gured to a cool and route a primary refrigerant to a heat 
exchanger (shoWn schematically as main condenser 
evaporator device 40 and may be a plate-type or other 
suitable type of heat exchanger). According to a particularly 
preferred embodiment, primary refrigeration system 20 is a 
direct expansion system and the primary refrigerant (such as 
a conventional refrigerant, for example, R-507 or ammonia) 
has a temperature at the inlet to main condenser-evaporator 
40 of approximately —25 deg F. [beloW Zero] (or loWer as 
required by the particular application). All or a portion of the 
primary refrigeration system 20 may be provided at any 
suitable location such as on the roof of a facility (e.g. 
supermarket, grocery store, etc.) or in an equipment room 
Within the facility or other suitable location. Primary refrig 
eration system 20 is operated and controlled in a conven 
tional manner to provide a desired amount of cooling to the 
main condenser-evaporator, in response to the heat load on 
the main condenser-evaporator from the secondary cooling 
system. According to an alternative embodiment, the pri 
mary refrigeration system may be a “?ooded” type system 
(i.e. the refrigerant exiting the heat exchanger may contain 
both liquid and vapor and may be moved through the system 
primarily by gravity and thermal conditions). 

Referring further to FIGS. 1 through 2B, secondary 
cooling system 30 includes a coolant adapted to circulate to 
main condenser-evaporator 40, separator 50 (shoWn sche 
matically as a liquid-vapor separator device in a generally 
vertical orientationisee FIGS. 2D and 3A through 3C), a 
subcooler device 70 (see FIG. 2E), at least one refrigeration 




























